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SOME OBSERVATIONS ON THE CYCLONIC PRECIPITATION OF FEBRUARY 22-23,1925, IN THE CENTRAL AND 
EASTERN UNITED STATES 

By R. H. WEIQHTMAN 
[Read before the American Meteorologlcnl Society, May 2. 1925, Washington. D. C.1 

The first step in predicting any phenomenon is to 
understand the physical processes underlying its occur- 
rence. The precipitation problem, im Iortant to man- 

therefore, much attention from meteorolqgists. 
The causes of condensation and resulting rainfall are, 

as purely physical matters, fairly well understood. This 
can not as yet be said of the meteorological aspects of 
rainfall, though our knowledge of them is increasing 
ra idly. J. Bjerknes and H. Solberg, in their treatise on 
‘‘ #he Meteorological Conditions for the Formation of 
Rain,’’ show that: 

Adiabatic cooling by expansion is the most effective cooling 
process at least for larger air masses. Expansion of atmospheric 
air will again mainly be due to ascending motion, which rapidly 
brings the air from layers of high pressure to layers of lower pres- 
sure. Horizontal motion may certainly also bring air from high 
to low pressure, but the resulting expansion will be much smaller 
than that attained by vertical displacement. The effect of pres- 
sure changes in a horizontnl current can thus only in esceptional 
cases cause ran. The predominating influence of ascending air 
motion reduces the meteorological side of the problem of rain 
formation to the following principal one: What are conditions for 
development of strong ascending motion. The solution of this 
problem gives the explanation for the cause of the greatest part of 
the occurring rainfall. 

While we may explain why precipitation occurred 
after we know what chan es in pressure distribution, 

place, it  is very difficult a t  times to tell from our current 
maps when and where precipitation will ensue during the 
succeeding 24 hours, and much more difficult to forecast 
it for the next 36 to 48 hours. The earlier forecasters in 
this country recognized certain types of barometric 
distribution, accompanying wind circulation, and other 
factors as being the forerunners of recipitation and they 

the processes were understrood. Later, the general 
physical processes were esplained. 

More recently, Prof. V. Bjerknes has described these 
processes in the language of mathematics, ex lained t,hem 

barometric types that accompany them, and provided 
strikingly a propriate names for certain in1 ortant 
features of g e  pressure and wind systems. To &m be- 
longs the distinction of having brought to ether the best 
thought of meteorologists in Europe an5 this c.oun try 
concerning the structure and rain-producing processes of 
storms, combining them with his own special contribu- 
tions into a Talionale which has been an inspiration to 
meteorologists the world over. 

kind and attractive because of its difficu \ ty, has received, 

temperature lapse rates, an d other conditions have taken 

issued many very accurate and va r uable forecasts before 

on thermo-dynamical principles, showed t ?I e idealized 

8&437-%1 

The visit last year of Prof. V. Bjerknes, his son, Dr. 
J. Bjerknes, and Mr. M. A. Giblett, a member of the 
forecasting st,aff a t  London, provided the inspiration for 
the present stud . 
which form the subject of this pa er, a brief r6sum6 of 
the Bjerknes polar front theory wil P be given. According 
to this theory, a cyclone consists of two essentidy differ- 
ent air masses (see fig. 1). We have [L warm current of 

Before procee B ing with an analysis of the disturbances 

CI 3 W  km ~ 1 5 0 0  hm 

FIQ. 1.-Bjerknes’s ideal polar front system 

south and southwest winds in the region of the cyclone 
and its trough, with cold air at  the rear of the cyclone 
and also a t  its front. These air masses are se arated by 

centor of the cyclone. This surface is inclined in the verti- 
cal alwtxys toward the cold side at an angle or slope of the 
order of from 1 t.0 50, up to 1 to 200, or a one-half of 1 per 
cent to a 2 per cent rade. The middle portion of figure 

a fairly distinct boundary surface which passes t L ough the 

1 shows the plan of t ph e surface air currents about a LOW. 
379 
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FIG. 2.-Weather map of 8 a. m, February 2!2 to 8 p. m. February 23,1925, wlth tmka of centers, and Blerknes'a dlagram of secondary formation on cold front of the"M0thsr oydow?' 

At the center of the LOW the warm and cold fronts meet. 
The upper portion of the figure shows a vertical east- 
west section through the cyclone north of the center. 
Here the air at the surface is from an easterly quarter, 
as we would expect in the northern quadrants of the 
LOW. Aloft the wind is from a southerly quarter and, 
being of e uatorial origin, is relatively warm. It came 
originally ! rom lower levels and lower latitudes, having 

undergone a forced ascent over the cold surface air with 
the result that there is considerable cloudiness and 
precipitation. The lower cut shows a vertical east-west 
section through the cyclone south of the center. At the 
left are seen the cold polar surface winds from the west 
and northwest underrunning the warm equatorial south 
and southwest winds, which latter persist aloft after the 
wind has changed to westerly at the surface. This 
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FIG. %-Continued 

underrunning results in a forced ascent of the wain  air 
from the south, with resulting cloudiness and heavy and, 
as a rule, brief showers. This front is called the “cold 
front,” and is identical with the s uall line or trough. 

winds overrunnin the colder air t,o the east, giving rather 
widespread cloufiness and showers. In t.he central 
figure the broken line trending east and southeast from 

A t  the right we have the relativey 7 warm southwest 

the LOW center shows the position of the warm front, 
while the cold front extends southwest from the center 
of lowest ressure. Hence, with the w i n g  of the warm 

tween the warm and cold fronts, at and near which 
cloudiness and precipitation are in evidence, there is a 
region of warm air and relatively clear sky and sunshine, 
although cumulus clouds are to be expected because 

front, col x txir at the surface gives p P ace to warm. Be- 
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conditions ‘are favorable to convection. On the cold 
front, warm air gives It will be noted 

ately west of the cold front due to the raising of the 
warm south or southwest current by the cold west and 
northwest current underrunning it, thereby adiabatically 
lowering its temperature below the dew point. On, and 
immediately ahead of the warm front, however, the area 
over which rain is falling is relatively large, the rain being 
due to the forcing of the warm south or southwest 
current up over the cold and dense currents-from .the 
east and northeast, thereby producin adiabatic cooling. 

tion than the cold front if the extent of the rain area 
may be taken as a criterion. 

To carry out a study of the disturbances of February 
22 and 23, 1925, worlung charts were prepared for inter- 
vals of four hours, showing the pressure and wind direc- 
tion, together with the precipitation for the two hours 
preceding and the two hours following the time of the 
map. In  the maps accompanyin tllis paper, these two 
two-hour eriods have been com % ined into one of four 
hours. T K .emhatching on each map shows the area over 
which precipitation occurred in these four-hour intervals, 
be ‘nning two hours before the time of the map and 
en !?l ’ng two hours after. For the more northern stations 
there is some uncertainty. as to when precipitation 
occurred during the ni lit hours, because during the cold 
season the tipping buc f et is removed from the auge-and 
consequently no record is obtained on the trip e register 
sheet at most stations. At stations where an automatic 
record was not available, recorded beginnings and endings 
of recipitation were used. 

{et us now examine tlie series of ma s, on eaclioi 
which the warm front is indicated by the % eavy line. 

Figure 2A (Feb. 22,s a. m.).-In the disturbance central 
over western Kansas the greatest 12-hour ressure fall 
occurred over Missouri, and the isobars are Fl ulging over 
the Ohio Valle and Lower Lake region. 

Fipre2B ( E9 eb. 22, noon).-Tlie LOW center has moved 
to central Kansas, and the wind circulation (shown by 
heavy black arrows) indicates that a new center is becom- 
i established on the warm front over northeastern 
Zssouri. 

Figure 2C (Feb. 22, 4 p. m.).-The LOW has moved to 
eastern Kansas, and the wind circulation over north- 
eastern Missouri is more firmly established, while the 

Figure 2D (Feb. 22,8 p. m.) .-The original cyc yosit one ion. E as 
warm front maintains approximately the same 

moved to southwestern Missouri, and the circulation 
persists over northeastern Missouri, with a bending up 
of the isobars, indicatin further the development of a 

circulation developing over northern Indiana. 
Figure 2E (Fub. 22, midnight).-Traces of the parent 

disturbance remain over southwestern Missouri where 
pressure is nearly stationar though rising sligl?tly. The 
center over northeastern %issomi has remained prac- 
tical1 stationar but pressure at  the center has decreased 

more truly cyclonic in character and pressure had fallen 
sl‘ h tly. 

%@ure bF (Fcb. 23, 4 a. m.).-The parent center has 
practically lost its identity, and the northeastern Mis- 
souri disturbance remains nearly stationary, while the 
one that was over northern Indiana has moved to extreme 
southeastern lower Michigan. Pressure has fallen at 
both centers. 

lace to cold. 
that a narrow band of s 1 owers occurs along and immedi- 

In this country the warm front usu 3 ly has less inclinrt- 

P 

secondary. There is af so some evidence of another 

a litt s e, while t %I e circulation over northern Indiana is 

Figure 2G (Feb. 23, 8 a. m.).-The northeastern Mis- 
souri center is now over central Illinois and fillin u , 
while the Michigan disturbance has advanced to %afe 
Erie with sli htly increased intensity. 

Figure 2 2 (Feb. 23, noon).-The Illinois disturbance 
is no longer recognizable, while the center that was over 
Lake Erie has advanced to western Lake Ontario. 

Figure 21 (Ftb. 23, 4 p. m.).-Tlie Ontario disturbance 
has advanced to extreme northeastern New York, and 
pressure at  the center has risen slightly. 

Figirre 2J (Feb. 9.3, 8 p .  m.).-The northern New York 
center is over Vermont and another center is apparently 
developing over New Brunswick. This new center by 
8 o’clock the followin morning was near Newfoundland, 

Figure ZIT; shorn the tracks of these disturbances. 
Without the aid of the four-hour charts it would have been 

ent, therefore, that observations at  intervals of It less is t an 
impossible to distinguish the several centers. 

12 hours would be of great value in many cases. Were we 
to contemplate such a program at present, the consider- 
able additional cost of tele aphin and of personnel 
would prohibit it, but it is befeved t i a t  the time is com- 
ing when more frequent observations, s a p  every six 
hours, will become necessary because of t ieir value for 
the making of shorter period forecasts for local interests, 
including aviation. 

The meteorological situation on February 22 suggests 
a siniilarity to Rjnrknes’s idealized case for the formsr 
tion of secondary c clones. In  describin this formation, 
Bjerknes presenteg the chart reproduce% as Figure 2L. 
I t  will be seen that the eastern LOW advances and is 
followed b an anticyclone, thus leaving, in many cases, 
a line of iiscontinuity estending from the LOW center 
southwestward, south of the HIGH system. On this 
line and generally to the south or southwest of the 
HIGH the secondary clevelops. 

In the present case, the line of discontinuity is traceable 
on the map of 8 p. m., Februar 21 (not reproduced), 

southwestward, south of the center of the HIGH. 
may be considered that the LOW, which originated 
over Colorado, develo ed on this line of discontinuity, 

Quebec on the morning of the 22d. The secondary 
depressions that later develo ed over northeastern 

have to be considered as developing ahead of the parent 
LOW and would seem to constitute a type that Bjerknes 
has not mentioned among his classes, or that perhaps 
is so rare in Europe that it was not thought worth dis- 

curi%,r we have considered in the main the develo 
ment and movement of the centers of disturbance 4: 
are now prepared to take up the occurrence of precipi- 
tation. 

Figure 2A (Feb. 22, 8 a. m.) shows an area of precipi- 
tation estending from northeastern Tesaa to lower 
Michigan. The rain estends along and north of the 
w~trni front from northeastern Missouri northeastward 
to lower Michigan. This precipitation is of thewarm- 
front type, as we have relative1 cold east. and northeast 

Royal Center, Ind., we have southwest winds at  2,500 
meters, the highest elevation reached by the kites. In 
other words, warm air is forced to rise over the cold 
wedge at  the surface. This is further confirmed b the 
temperatures shown by the morning kite flight a t  z oyal 

with greatly increase f energy. 

from the center of the LOW over t K e St. Lawrence Valle 

southwest of the hig !l pressure area that was over 

Missouri, northern Indiana, an cp New Brunswick would 

surface winds, while aloft, as s i own by observations at 
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Center, which indicate practically no change with ele- 
vation up to 1,100 meters and a lapse rate above that 
level of about 0.56" C. per 100 meters, or nearly the 
saturated adiabatic a t  temperature 0" C. 

The showers which are in progress over the area ex- 
tending from southern Indiana to northeastern Tesns, 
between the warm front and the trough which generally 
marks the cold front, occurred in a reat many instances 
in connection with thunderstorms. $hey are of the cold- 
front ty e mentioned b Bjerknes and bolber in Geoxy- 
siske Pu i likatiotier, 111, k o .  1, page 8, Figure 4%. In  this 
type the colder air in the rear of the trou h does not un- 

in first a t  some higher level and gradually works clown 
to the surface, with the result that there is, temporarily, 
cold air over warm. Immediately preceding these show- 
ers surface temperatures were 20 or more above the 
seasonal average. East of this main rain area instability 
showers under quite different circumstances are in evi- 
dence a t  Meridian, Miss. This type occurs, when hu- 
midity conditions are ropitious, in air of polar ori in, 

the lower layers warm up under clear skies until the 
resulting unstable equilibrium produces local showers. 

Returning now to the main shower area, the free-air 
data a t  Groesbeck, Tex. (see fig. 3), show that from the 
20th to the 2lst temperature rose from the surface up to 

dermine the relatively warm air a t  the su d ace, but comes 

the upper portion of wlich remains relatively cold, w %* ile 

/o /5 PO 

FIO. I.-Tempemture changes in the free air at Groesbeck, Teu.. February 2U-!23, 1825 
(shading shows temperature decrease botween indicated dates) 

2,000 meters and probably fell above that level, the latter 
point, however, bein more or less speculatin, owing to 

than 2,000 
the fact that the flig 5 t of the 20th did not reach more 

11:30 a. m. of the 22d. By the 23d temperatures had 
fallen a t  all levels. The vapor pressure on the 23d shows 
a rise at  practically alllevels up to 1,750 meters, the highest 
reached, being most marked above 1,000 meters. By the 
23d vapor ressure had decreased greatly at  all levels, 

clonic and olnr origin. The lower temperatures came 

winds in these levels shifted from south to southwest, tlie 
air of lower temperature apparently having had its origin 
in the anticyclone over the southern plateau. These teni- 
peratures and vapor-pressure conditions, together with 
the fact that the area of showers moved eastward in a 
narrow belt that was consistently covered by precipitn- 
tion, mould certainly indicate that the type of precipita- 
tion which prevailed was of the cold-front type described 
above. Further, there is every reason to suppose from 

indicating t K a t  all air above the station was of anticy- 

in first a t  t R e upper levels and at  the same t h e  RS the 

all the facts available t,hat the sequence of conditions 
experienced a t  Groesbeck was progressively es  erienced 

are available for Due West, S. C., on the 22d and 23d, 
due to an enforced curtailment of the observational 
pro ram. 

f i g w e  2B (Feti. 92, noon) shows a rain areaveryskilar 
to that of the 8 a. 

a t  stations to the eastward. Unfortunately no E ite data 

and northwestern Missouri, associated with the rincipal 

ing along and north of the warm front from Illinois to 
lower Michigan and northern Ohio, associated with the 
new LOW center developing over northeastern Missouri. 
The belt of showers extending from Indiana to Texas 
niaint.ains the same position relative to the LOW center. 

Figure 2D (Feb. 92, 8 p .  m.).-Warm-front rain extends 
along and north of the warm front from northern Illinois 
to western New York and the area of cold-front showers 
niaintains the same position relative to the new LOW 
center, but has advanced slightly eastward. The sec- 
ondary area of cold-front rain is in eviclence over Kansas, 
northwestern Missouri, and southeastern Nebraska, 
although the rain in the last-named State is possibly a 
remainder of the warm-front. rain of the receding ma , 
which shows a c.haracteristic warm-front form. The 
Kansas rain is clearly of t,he cold-front type, as shown by 
the thermo ra h traccs of the several stations. 

Figure b g  (kb. 22-25, midnight) .-Warm-front rain in 
connection with the northeastern Missouri disturbance 
has ceased, probably due to the failure of the south or 
southwest warm current? but is spreading in connection 
with tlie new center developing over nort,hhern Indiana. 
The cold-front showers continue and extend from Ohio 
south-southwestward to the northwest ortion of t,he 

while the secondary area of cold-front rain covers 

LOW center over eastern Kansas, and the secon (P estend- 

as indicated by the temperature trace sleet P at Drex 3 , 

East Gulf States, having achanced slig P ltly eastward, 

Missouri. 
Fivure b F  (Feb. 23, 4 0.. m..).-Warm-front rain con- 

tinuis to spread eastward from the new LOW center over 
southeastern lower Michivan, and has reached western 
New England. The colgfront showers continue in a 
narrow band from Ohio and western Pennsylvania to the 
Middle Gulf States and also over Indiana and north- 
eastern Kentucky. The secondary cold-front rain area 
has increased in size and extends from southern Lake 
Michigan to Missouri, the Chicago thermograph trace 
showin the advent of the cold front at that station about 

Figwe BG (Feb. 95, 8 a. m.).-Shows the warm-front 
rain covering New Englancl, while the belt of cold-front 
showers has advanced slowly eastward. Rain still con- 
tinues over northern Indiana, southern Illinois, and 
Ohio. The secondary cold front rains are fairly con- 
tinuous along and immediat.ely in the rear of the cold 
front., and are confined t,o the area fornierly occupied by 
the depressions. Such regions are, of course, the most 
active as far as temperature changes are concerned and 
are generally the regions of greatest pressure change. 

niidnig a t. 
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Figure 2H (Feb. $3, noon).--Shows much the same dis- 
tribution of precipitation as the preceding one, except 
that showers have temporarily ceased in southern 
Georgia. The whole system is advancing slowly east- 
ward. 

m.).-Shows clearly the differ- 

areas of colcffront showers; these areas are separate and 
distinct . 

Figure SJ (Feb. 23, 8 p. m.).-Shows the same general 
conditions as the precedin figure, except that the whole 

This study serves to give an insight into the several 
types of rainfall associated with the polar front theor 
which, in this case, shows a quite orderly behavior. fi 
should be remembered, however, that these LOWS 
showed remarkably small changes at  the centers, the 

Figure 21 (Feb. 23, 4 
ence in the osition of t % e warm-front rain and the two 

system has advanced slow K y eastward. 

varying between 29.48 and 29.58 inches, 
the diurnal variation. Further, they had 
movement both with respect to direction 
is not usually encountered. The major 

currents associated with them were uniform and well 
established. Under such circumstances, forecasting is 
is not the trying task it sometimes is. 
In case8 where the movement is rapid, where the 

barometric chanees at the center are marked, or where 
there is irregulmty of direction and rate of movement, 

well-ordered rain areas are not the rule, and in such casea 
we have, of necessity, to depend on our ability to forecast, 
the erratic behavior of the LOWS. 

The Bjerknes s stem is used exclusively in Norway 
and to a considera&e estent in the British Isles and other 
Euro ean countries. Since this system has roved so 

study its newer features carefully in order that we may 
not overlook an opportunity of improving in any wa our 

from that of the European meteorologists, as shown by 
the following statement in the aper of J. Bjerknes and 
H. Solberg: “Life Cycle of &clones and the Polar 
Front Theory ” : 

A very large percentage of European cyclones are occluded onea, 
being dying remainders of previously strong Atlantic depreasione. 
The predominance of occluded cyclones in Europe has led to the 
statistical result that cyclones usually have a cold rore. 

In the United States about 40 per cent of all disturb- 
ances t,hat affect us develop within the continental 
confines or along the Atlantic or Gulf coasts. They are, 
therefore, new or increasing disturbances as distin 
from the dying or occluded cyclones of Europe. 
account it would seem that in this country we must 
continue to rely in the main on our established methods, 
with such improvement as can be made on them. 

usefu P in Europe, it behooves us in the Unite 2 States to 

forecasting methods. Our problem is somewhat di 2 erent 

METEOROLOGICAL ASPECTS OF THE SAN FRANCISCO-HAWAII AIRPLANE FLIGHT 

By THOMAS R. REED 
[Weather Bureau, San Francisco, Calif., September 2.8, XW6.l 

The nonstop flight essayed by naval airplanes from 
San Francisco to the Hawaiian Islands, Bugust 31 to 

being the lon est nonstop ocean flight that had r e t  been 
attempted. !&most as interesting as the fact of the flight 
itself are some of the details of organization by which it 
was hoped to insure the success of the pr0jec.t. None of 
these details was more important than the meteorolo~ical 

The plans in this re arc1 were thorouai in 

success would large1 hinge on the character of weather 

prevalence of trade winds w1uc.h normally are found over 
the reater part of the course beh-een the sout.liern 
Calikmia coast and Honolulu. The extent, duration, 
and force of these winds therefore constituted the first 

roblem to be considered, since they were to decide the 
sate of de arture and the oint on the California coast 

The choice of sites for the conimencement of the flight 
lay between San Francisco and San Die 0, the former 

man er John.Rod~ers and Tdeut. Allen T. Saodv and the 
local officials of tge Weather Bureau in San l?rrtncisco. 
San Diego, althou h farther from Hawaii in ac.t,ud dis- 

claim. Bein some 5 O  nearer the Equator, San Diego IS 

while these winds are not found in the rosimitg of the 

wind belt would be sooner entered if the departure were 
made from the southern city. Furthermore, the winds 
which would intervene between the coast and tlie point 
at  sea where the favoring trades were looked for were 
known to be normally more adverse off the northern 

California coast than off the sout.liern (see fig. 1). Their 
direction in both sectors would have a deflectin effect 

North this effect was likely to be inore consequential there 
than in the South, and might conceivably reach objec- 
tionable proport.ions if the west-east component ha pened 
to pretlomjnate, The north-south component or these 
winds caused no apprehension, as any drift arising there 
from would he a help in bringing tlie planes into the 

But whatever disadvantages were to be feared from 

and cent,ral coast were inore than offset by the counter- 
claims of shorter mileage from San Francisco and the 
reitsonable certainty of favorable local conditions for 
t.aking off. Due t.o the great fuel load, it was considered 
desirable that the planes should take off against a wind 
of at least 15 miles per hour., Another requisite was an 
adec uate stretch of shallow water; the planes must have 
amp e space in whic.li t,o gain flying speed, and launching 
has been found to he most readay effected in veryshallow 
water. 
western shores of San Pnblo Bay (as the northern reaches 
of San Francisco Bag are known), and this site w-as , 

finnlly decided upon as the oint of departure. Satis- 

the clay of departure. On the final day both planes got 

Tho nest question to be considered was t.he date on 
Pressure was 

eserted to ha.ve it  coincide with the o enin of the 
rancisco 

beginning on September 5. Esamination of data, how- 
ever, led to the conviction that the most favorable winds 
both locally and in the trade-wind belt would be found 

September 1, 1925, attracted nation-wide attention as on the planes, but because of their greater strengt k 1 in the 

’ preparations. 
the extreme. It was recognized ? rom the outset that 

encountered, particu T ar dependence being placed on the 

from whic f the flight woul R start. 

finally decided upon in conference % etween Coin- 

tance than San francisco, nevertheless had a str0n.g factory test flights under full rp ond were made there before 

situated in t %; e latitude of the summer trade winds, and 

southern California coast, it was believec F that the trade- 

soutllern latitudes occupied by the northeast t.rades. 

possible west.-east components of niovement off the nort,h 

\ 
Ideal conditions in these respects esist along the 

off easily and within a few minutes of each other. 

which the flight should be attempted. 

Diamond Jubilee festival t.0 be held in !a an 


